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Electric vehicles have been applied extensively in recent years. However, the 
development of electric vehicle has been greatly restricted by the power battery 
lifetime. In order to improve battery life, individual cell in series connected battery 
string need to maintain at an equalized charge level. Therefore, many researches 
have been carried out on cell balancing in series connected battery string.   
The existing equalization control strategy for lithium battery is focused on 
energy exchange between adjacent cells, which is fulfilled by charge compensation 
between cells and the battery bus. Thus, this strategy has some disadvantage, such as 
low equalization efficiency, time-consuming equalization, and compensation and 
equalization of energy for many to many batteries can’t be realized as they want. To 
avoid these problems, a new technique for cell balancing has been proposed in this 
dissertation. Cell voltage balancing is performed using a bi-directional dc/dc 
converter based on multi-winding transformer. This enables additional charging 
capacity for the entire battery string, and improves equalization efficiency, and speed 
up the process of balance control. The theoretical analysis of the proposed battery 
equalization schemes based on multi-winding transformer can be verified by 
experiment results.   
Innovations of this dissertation are as follows:  
1. The balanced strategy using energy shared public pool for power lithium 
batteries is proposed for the first time, which has the advantages such as simple 
control logic, low dissipation, small switching stress. Furthermore, the bi-directional 
cell equalization using this method can be employed with intelligent control between 
multiple batteries, according to the cell voltage. So this method can not only solve 
the intelligent balanced energy sharing algorithm for series connected lithium battery 

















2. Based on the research on magnetic cross-coupled of multi-winding 
transformer, the electromagnetic analysis method is proposed, which is effective in 
predicting the characteristics of multi-winding transformer, impedances, and leakage 
inductances. Then, this method is introduced into lithium cell equalization. The 
validity is verified by the simulation results, theoretical results and experiment 
results.  
3. The cell equalization energy converting circuit topologies is designed based on 
the algorithm of energy shared with public pool. The proposed circuit has the 
following advantages: The cell equalization is realized according to the cell voltage, 
the equalized current is easy to control by parameters, different balancing control 
strategy can be introduced in the proposed circuit, and it is extensible to different 
series connected battery strings with different size. 
4. The intelligent control battery equalization algorithm based on multi-winding 
transformer is proposed. The automatic balancing controller based on the Fuzzy 
control is designed for series connected lithium battery strings. The controller has 
simple structure, which can be simulated easily in software. The efficiency and the 
performance of the real-time control are relatively good, which make the balancing 
control system more stable, fast and secure.  
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